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Abstract: Advances in close-range and remote sensing technologies drive innovations in forest
resource assessments and monitoring at varying scales. Data acquired with airborne and spaceborne
platforms provide us with higher spatial resolution, more frequent coverage and increased spectral
information. Recent developments in ground-based sensors have advanced three dimensional (3D)
measurements, low-cost permanent systems and community-based monitoring of forests. The REDD+
mechanism has moved the remote sensing community in advancing and developing forest geospatial
products which can be used by countries for the international reporting and national forest monitoring.
However, there still is an urgent need to better understand the options and limitations of remote
and close-range sensing techniques in the field of degradation and forest change assessment. This
Special Issue contains 12 studies that provided insight into new advances in the field of remote
sensing for forest management and REDD+. This includes developments into algorithm development
using satellite data; synthetic aperture radar (SAR); airborne and terrestrial LiDAR; as well as forest
reference emissions level (FREL) frameworks.
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Forest ecosystems cover approximately 31% of the world’s land area, with a total forested area of
approximately 4 billion hectares [1]. Forests play an important role in today’s society and serve as
a source for the production of paper products, lumber and fuel wood. In addition, forests produce
freshwater from mountain watersheds, purify the air, offer habitat to wildlife and offer recreational
opportunities among many other ecosystem services. To keep forests productive, and ecological
and recreational functions balanced, accurate and precise information about forest structure and
its biophysical parameters are needed for supporting informed decision making and sustainable
management [2].
Many decisions made by natural resource managers and policymakers regarding forests are poorly
linked with the spatial scales covered by conventional forest inventory methods. Remote sensing is
seen as one of the key data sources to fill existing forest monitoring information gaps, particularly
in many developing countries [3]. Information retrieved through remote sensing, especially through
space- and airborne acquisition methods, can offer a synoptic view over large or inaccessible areas. The
Forest Resources Assessment [4] supports global tree cover and forest land use monitoring. Monitoring
programs implement a systematic framework to obtain information about changes in forest cover and
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forest land use changes on a global scale. On the global scale, the land use of approximately 12 million
hectares of forest ecosystems changed in 2018 (World Resources Institute), making geographically
extensive and spatially detailed forest monitoring an important task. Furthermore, deforestation
and forest degradation account for about 12% of global anthropogenic carbon emissions, which is
second only to fossil fuel combustion [5,6]. However, this estimate is quite uncertain due to inadequate
estimates of forest carbon stocks and is expected to range from 6% to 17%. Carbon emissions are
partially compensated by forest growth, forestation and the rebuilding of soil carbon pools following
afforestation. However, the global distribution of terrestrial carbon sinks and sources is highly uncertain.
Initiatives constraining the inaccuracy in forest carbon estimates are essential to the development of
new techniques and methodologies for supporting information needs of effective forest management
and future climate mitigation actions [7,8].
Advances in close-range and remote sensing technologies drive innovations in forest resource
assessments and monitoring at varying scales. Data acquired with airborne and spaceborne platforms
provide us with higher spatial resolution, more frequent coverage and increased spectral information.
Recent developments in ground-based sensors have advanced 3D measurements, low-cost permanent
systems and community-based monitoring of forests. REDD+ is a climate change mitigation programme
that is supported by implementation initiatives such as the United Nations Collaborative Programme
on Reducing Emissions from Deforestation and Forest Degradation (UN-REDD) [9]. The commitments
and requirements for countries to participate in the REDD+ mechanism have encouraged the remote
sensing community in advancing and developing forest geospatial products that can be used by
countries for national forest monitoring and international reporting. However, there still is an urgent
need to better understand the methodological options and limitations of remote and close-range
sensing techniques in the field of forest degradation and change monitoring.
This Special Issue contains 12 studies that provided insight into new advances in the field
of remote sensing for forest management and REDD+. This included developments into (1)
algorithm development using satellite data [10–16]; (2) synthetic aperture radar (SAR) [11,17];
(3) airborne [18] and terrestrial [19,20] LiDAR; and (4) forest reference emissions level (FREL)
frameworks [21]. Chen et al. [11] combine texture characteristics and backscatter coefficients of
Sentinel-1 with multispectral information derived from Sentinel-2 and traditional field inventory data
to develop above-ground biomass (AGB) prediction models using machine learning. Shen et al. [12]
apply machine learning techniques, using Landsat-5 Thematic Mapper (TM) and Landsat-8 Operational
Land Imager (OLI) images to monitor the five-year change in AGB over three regions with different
topographic conditions in Zhejiang Province, China. Li et al. [13] test various statistical frameworks on
Landsat-8 OLI data to improve AGB mapping over a subtropical forest in Western Hunan in Central
China. Zhang et al. [17] explore the use of advanced land observing satellite-2 (ALOS-2) phased
array-type L-band synthetic aperture radar (PALSAR-2) full polarimetric SAR data to estimate forest
growing stock volume in a region with challenging terrain conditions. Blinn et al. [16] derive leaf area
index (LAI) from Landsat-7 (ETM+) and Landsat-8 (OLI) vegetation indices. Zhao et al. [10] use machine
learning on both structural and spectral indices from QuickBird multispectral and panchromatic images
to map forest canopy cover. Spracklen and Spracklen [14] demonstrate the use of machine learning
with Sentinel-2 images for identifying old-growth forests in Europe. Gigovic et al. [15] create a remote
sensing (MODIS, Landsat-8 OLI and Worldview-2) derived forest inventory map to train a machine
learning algorithm to predict forest fire susceptibility.
Random forest (RF) has been the most popular machine learning algorithm to link remote sensing
data to forest structural attributes such as AGB [11,12], canopy cover [10] or forest fire susceptibility [15].
Spracklen and Spracklen [14] apply RF to identify old-growth forests using remote sensing data. Chen
et al. [11] and Gigovic et al. [15] test different machine learning approaches for predicting AGB. Whereas
Chen et al. [11] identify that RF was not always the most suitable method for predicting and mapping
AGB, Gigovic et al. [15] obtain comparable results between RF and support vector machine approaches.
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The LiDAR studies in this Special Issue present work on a regional scale using airborne LiDAR [18],
as well as tree-level assessment of LAI [19] and AGB [20] from terrestrial LiDAR. Often, LiDAR is not
available over large continuous areas but can be essential for the calibration and validation (cal/val)
of many forest map products that have been derived using coarser resolution satellite observations.
Duncanson et al. [22] argue that spatially continuous maps of forest attributes are essential for programs
as REDD+, but their accuracy might be challenged if appropriate reference data, such as airborne or
terrestrial LiDAR, is not available for calibration and validation. Advances in remote and close-range
sensing techniques will be critical to implement scientific output in developing a forest reference
emissions level (FREL) for countries in the REDD+ context to account for likely future developments.
In this Special Issue, Pirker et al. [21] demonstrate this approach for Southern Cameroon. Their work
identifies the priorities for creating and improving the necessary data, information and infrastructure
for improving each element of the FREL with the ultimate objective of developing a FREL for a
performance-based payment program.
Finally, we would like to thank the authors of the Special Issue for their contributions and
additionally thank the reviewers and the Forests Editorial Office for conducting a high-quality review
process for all of the published papers. We hope that this Special Issue will foster the remote sensing
science and policies related to forestry and REDD+.
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